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Abstract A method for sampling and determination of hydro-
gen cyanide in cigarette smoke is described. Cigarette smoke is
filtered through a glass fiber filter paper, and only gaseous
compounds, such as hydrogen cyanide, are collected in a dilute
sodium hydroxide solution. The cyanide is determined spec-
trophotometrically at 550 nm by the isonicotinic acid–pyra-
zolone method. Maximum absorbance is achieved within 
10 min at room temperature, and remains constant for about 
20 min. Beer’s law is obeyed in the range 0.04~0.80 µg mL–1
cyanide, with a molar absorptivity of 3.48 × 104 L mol–1 cm–1.
Introduction
Cigarette smoke is one of the major causes of contamination of
indoor air and poor health, and the monitoring of toxic materi-
als in cigarette smoke is an accepted part of environmental
chemical analysis, in particular, for hydrogen cyanide, which is
extremely toxic for warm-blooded animals [1]. However, to
our knowledge a standard method for the determination of hy-
drogen cyanide in cigarette smoke has not been established to
date. Known methods are based on potentiometry [2], ampero-
metry [3, 4], fluorescence spectrometry [5], ion chromatogra-
phy [6] and spectrophotometry based on the Koenig reaction
[1, 7–11]. A commonly used method [11] for the determination
of cyanide in water and air employs isonicotinic acid and pyra-
zolone, which are easily available, non-toxic reagents. The sen-
sitivity of the method is not sufficient to permit the direct col-
orimetric measurement of hydrogen cyanide in cigarette smoke
samples. The aim of this study was to develop a simple, rapid
and sensitive method for the sampling and determination of hy-
drogen cyanide in cigarette smoke by modification of the
method described in [11]. The detection limit of the resulting
method is 0.04 µg mL–1 cyanide, cf. [11] with a detection limit
of 0.10 µg mL–1 cyanide. The present method has three impor-
tant advantages. First, the proposed sampling method is selec-
tive, since glass fiber filter paper is used for the separation of
gas samples from cigarette smoke. Second, the speed of the
cyanation reaction is greatly accelerated by carring out the re-
action in a long reaction tube in an open water bath. Third, the
amounts of reagents required are small.
Experimental
Apparatus and reagents. A Shimadzu UV-240 UV-Vis record-
ing spectrophotometer was used with 10-mm cells, a midget 
air sampling apparatus with a rotameter, and test tubes (25 ×
200 mm) with ground stoppers. A 0.1 mol L–1 KH2PO4–
Na2HPO4 solution was used as buffer (pH 6.88). 0.055 mol L–1
chloramine-T aqueous solution was prepared. 0.162 mol L–1
isonicotinic acid solution was prepared by dissolving 1.00 g of
isonicotinic acid in 0.67 mol L–1 NaOH solution and diluted to
50 mL with water. 168 mg pyrazolone was dissolved in 24 mL
N, N′-dimethyl formamide. The developer was prepared by
mixing isonicotinic acid solution and pyrazolone solution in the
proportion 5 :2 (v/v) before use. 40 µg mL–1 of the potassium
cyanide working standard was prepared by adding 200 µL stan-
dard stock solution (1 mg mL–1) to 5 mL 0.25 mol L–1 NaOH
solution. All chemicals used were analytical-reagent grade, and
all solutions were prepared with doubly distilled water.
Sampling. The hydrogen cyanide sampler consisted of three
parts: an air sampling apparatus, a dilute sodium hydroxide so-
lution, and a catcher which contained glass fiber filter paper
(diameter 80 mm) for capturing granular samples and a poly-
styrene tube (10 × 30 mm). A cigarette was attached to the
polystyrene tube, the flow rate of the air sampling apparatus
was adjusted to 0.8 L min–1 and the cigarette was lit. The ciga-
rette smoke was filtered through a glass fiber filter paper, and
gas samples were drawn through dilute sodium hydroxide solu-
tion. The cigarette was extinguished when it was 8 mm long,
removed, and the air sampling apparatus was opened for 1 min
to allow residual hydrogen cyanide vapors to pass into hydrox-
ide solution.
Analysis. Aliquots (0~100 µL) of cyanide were transferred to
dried reaction tubes. 4.3 mL buffer solution and 100 µL chlo-
ramine-T solution were added, the tubes stoppered, shaken
gently and kept for 10 min in an open water bath at 34~36°C.
After the tubes had cooled to room temperature, 0.5 mL devel-
oper was added, the tube was again stoppered, shaken and al-
lowed to stand for 10 min for full color development at room
temperature. The volume was then made up to 5 mL and the
absorbance was measured at 550 nm against a reagent blank.
Results and discussion
Beer’s law and reproducibility. Cyanide is oxidized by chlo-
ramine-T to form cyanogen chloride (CNCl), which reacts with
the developer to form a soluble violet-pink dye having an ab-
sorbance maximum at 550 nm. The color system was found to
obey Beer’s law in the range 0.04 to 0.80 µg mL–1 and the mo-
lar absorptivity was 3.48 × 104 L mol–1 cm–1 in the phosphate
buffer. The reproducibility and precision of the method were
checked by twenty replicate determinations for 1.6 µg cyanide
per 5 mL carried out over a period of 1 month. The absorbance
displayed by this solution was compared with a calibration
graph. The results showed ± 0.0032 standard deviation and 
± 1.52% relative standard deviation (RSD).
Optimum conditions. The long reaction tube and the open wa-
ter bath facilitated complete cyanation and avoided loss of
cyanogen chloride. Moreover, a reaction time of 10 min and a
water bath at 34~36°C were found to be optimum for cyana-
tion. A sampling speed of 0.8 L min–1, 100 µL chloramine-T,
0.5 mL developer and 0.1 mol L–1 phosphate buffer solution at
pH 6.8 give best results. The effects of time and temperature on
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color development were studied, and it was observed that 
10 min are needed for full color development and that the color
remains stable for 20 min in the range 10~30°C.
Stability of reagents. The chloramine-T and developer were
stable for 1 week, if stored at about 5 °C. Moreover, isonico-
tinic acid solution and pyrazolone solution were stable for at
least 2 months at about 5 °C, if the solutions are mixed shortly
before use.
Effect of foreign species. Only gas samples enter the dilute
sodium hydroxide solution since granular samples adhere to the
glass fiber filter paper. None of the co-existing gases, such as
CO, CO2, NO, NO2, SO2, has an adverse effect on the reaction.
Absorption efficiency and recovery. Controlled amounts of hy-
drogen cyanide vapor were generated by the addition of 20 µg
cyanide standard to 10 mL acetic acid (pH 4) in a 42 ± 2°C wa-
ter bath, and absorbed by dilute sodium hydroxide. The collec-
tion and absorption efficiency were sought by determining the
absorbances of the standard cyanide and its absorption solu-
tion, respectively, by the proposed method. Consequently, the
absorption efficiency was nearly 100% in 0.125~0.250 mol L–1
sodium hydroxide solution, and 95~105% recovery was ob-
tained for the addition of cyanide spikes to six types of com-
mercial cigarette brands.
Calibration and application. A series of standard cyanide solu-
tions (0~4 µg cyanide per 5 mL) were prepared to calibrate the
method. Hydrogen cyanide in cigarette smoke was collected
and analyzed by the present spectrophotometric method. The
absorbance was recorded and compared with the calibration
graph from the cyanide standard series {A = 3.48 × 104°C
(mol L–1) + 0.044, R = 0.999}. The amount of cyanide in six
types of cigarettes was 21.2, 25.2, 23.6, 25.1, 27.5, and 28.3 µg,
respectively, with 3.2, 3.4, 3.5, 3.0, 2.8, and 2.7% RSD. The
amount of hydrogen cyanide produced by one cigarette is
nearly reproducible if the conditions of sampling and determi-
nation are identical.
Conclusion
The simplicity, rapidity, sensitivity, and high selectivity of the
proposed method are of great practical interest for the periodic
control of hydrogen cyanide in cigarette smoke. The amounts
of tar and nicotine can also be obtained from analysis of the
glass fiber filter paper in the catcher.
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